INTRODUCTION
============

Pregnancy results in substantial changes in a woman's weight; within a 5--10-y period, parous women experience greater weight gain than do nulliparous women ([@bib1]). Studies have shown that excessive gestational weight gain increases the risk of postpartum weight retention ([@bib2],[@bib3]) and long-term maternal weight gain ([@bib3],[@bib4]), and it has been suggested to be an important contributor to the obesity epidemic among childbearing women ([@bib5]).

Moreover, pregnancy is also related to increases in abdominal fat mass ([@bib6]). Fat is gained on both the central and lower body during pregnancy; however, in the postpartum period, fat is primarily mobilized from the lower body ([@bib7],[@bib8]). Parous women have a higher waist circumference and a lower thigh circumference than nulliparous women ([@bib9]). This adverse change in fat distribution, which is also characteristic of increasing age ([@bib10]), may affect long-term maternal health because abdominal fat mass predicts mortality better than simply weight or BMI ([@bib11]--[@bib13]). Finally, breastfeeding also contributes to maternal changes in weight and fat distribution. Some studies, but not all ([@bib14],[@bib15]), have found breastfeeding to be inversely associated with long-term weight ([@bib16],[@bib17]) and metabolic active visceral fat \>7 y after delivery ([@bib16],[@bib18],[@bib19]).

To understand how reproduction may lead to long-term obesity, a framework ([@bib20]) and a statistical approach ([@bib21]) are needed that take into account the independent and joint effects of breastfeeding and weight changes in each period of the reproductive cycle: pregnancy, the postpartum period with exclusive breastfeeding, and the postpartum period with partial breastfeeding ([@bib22]). All periods and breastfeeding duration may contribute to substantial changes in weight and fat mass. Thus, this approach may identify important time windows for the prevention of long-term maternal obesity. Previous studies of long-term effects are limited and only rarely include serial measurements of weight changes ([@bib1]). Thus, the aim of the current study was to investigate how maternal weight changes in each period of the reproductive cycle and duration of breastfeeding were related to maternal weight and BMI-adjusted waist circumference (WC~BMI~) 7 y after delivery and to distinguish between direct and indirect mediating effects.

SUBJECTS AND METHODS
====================

Subjects
--------

The current study was based on the Danish National Birth Cohort (DNBC), which recruited 91,769 pregnant women between 1996 and 2002. The cohort is described in detail elsewhere ([@bib23],[@bib24]). Briefly, women were invited to participate in the study at their first antenatal visit to the general practitioners. Participating women agreed to complete 4 computer-assisted telephone interviews that were carried out at ∼16 wk (median: 16; 5th--95th percentile: 11, 25) and 30 wk (median: 31; 5th--95th percentile: 27, 37) of gestation and at 6 (median: 6; 5th--95th percentile: 6, 8) and 18 (median: 19; 5th--95th percentile: 18, 21) mo postpartum. In addition, participants filled out a food-frequency questionnaire at ∼25 wk of gestation. A 7-y follow-up study of the children and parents was concluded in 2010 via a mailed or World Wide Web--based questionnaire. Of the 81,077 women with a first interview and a liveborn singleton, 61.4% responded to the 7-y follow-up questionnaire ([**Figure 1**](#fig1){ref-type="fig"}). Complete information on prepregnancy weight, height, and weight 7 y after this delivery was available for 46,416 independent women. If these women had more than one birth within the DNBC, only their last birth was included. Finally, we excluded women who gave birth between the index birth and the time of follow-up, which yielded a study population of 23,701 women. All women gave written informed consent. The study was approved by the Scientific Ethic Committee in Denmark and the Danish Data Protection Agency.

![Flowchart of the study population: women participating in the Danish National Birth Cohort.](312fig1){#fig1}

Path variables
--------------

Prepregnancy weight was obtained during the first interview, gestational weight gain and weight at 6 mo postpartum during the third interview, and weight at 18 mo postpartum during the fourth interview. From the follow-up questionnaire 7 y after the index delivery, we obtained information on weight and waist circumference. Each woman was mailed a tape measure and instructed to measure her waist circumference at the most narrow point. In the current study, WC~BMI~ was expressed as the deviation from the predicted value when waist circumference was regressed on BMI \[weight (kg)/height (m)^2^\] 7 y after delivery. This measure reflects the variation in abdominal fat mass that cannot be attributed to variation in general obesity as measured by BMI, and it has proven to be strongly directly associated with all-cause mortality ([@bib11]--[@bib13]). A positive value is interpreted as more abdominal fat mass than predicted for a given BMI (ie, even a small waist circumference could be assigned a positive value if it was larger than expected for a given BMI). The predicted waist circumference was 83.9 cm for an average 7-y BMI of 24.2 and increased 2.15 cm per BMI unit increase. The duration of total breastfeeding in weeks, including both exclusive and partial breastfeeding, was based on the date of termination obtained from the fourth interview. If this information was missing, the date of termination of daily breastfeeding from the third interview was used. Information on all variables was self-reported.

Other covariates
----------------

From the first interview, we also obtained information on the woman's height, age at conception, leisure-time physical activity during pregnancy, and socio-occupational status. The leisure-time physical activity during pregnancy was categorized as no exercise, 1--180 min/wk, and \>180 min/wk and socio-occupational status as high, middle, and low; both variables are described in detail elsewhere ([@bib25]). Information on smoking habits was obtained from the first and third interviews, and smoking habits during pregnancy were categorized as nonsmoking, smoking, or smoking cessation. After pregnancy, smoking habits were categorized as still nonsmoking, still smoking, smoking cessation/maintained smoking cessation, or initiated smoking. Within the DNBC, dietary pattern was previously defined by factor analysis and categorized as "Western diet," characterized as a high intake of high-fat dairy products and red and processed meat; "Health Conscious," characterized as a high intake of fruit, vegetables, poultry, and fish; and "Intermediate," characterized as an intake between the 2 groups ([@bib26],[@bib27]). Information about the days of gestation, birth weight for the index child, and parity until the end of follow-up was obtained from the Danish Medical Birth Registry.

Statistical analysis
--------------------

We used path analysis, a subset of structural equation modeling ([@bib28]), to investigate the association between weight changes in the reproductive cycle, breastfeeding duration, and weight and WC~BMI~ 7 y after delivery. Path analysis is an extension of regression analysis that simultaneously estimates the linear associations between all path variables ([@bib21]) and makes it possible to assess the total, direct, and indirect effects of each path variable. The model requires all dependent variables to be on a continuous scale. The word*effect* is standard terminology for results obtained from path analysis. However, note that it refers to a statistical but not causal effect ([@bib28]). The direct effect is the part of the effect not mediated through other included variables measured at a later point in time, whereas the indirect effect is the mediating effect operating through other included variables on the pathway. The total effect is the sum of the direct and indirect effects ([@bib21]) and for each path variable; the percentages of the total effect that was indirect and direct is presented.

In the current path model, each weight measurement depended on all previous measurements of weight. In relevant regressions in our path analysis, we adjusted for the following covariates: socio-occupational status, maternal age, parity, height, gestational age, child birth weight, leisure-time physical activity during pregnancy, dietary pattern during pregnancy, smoking during and after pregnancy, and time of interviews 3 and 4.

To be able to compare strengths of the associations, all path variables were standardized to*z* scores, with a mean of 0 and an SD of 1 by using internal reference values. A*z* score regression coefficient is interpreted as an increase of 1 SD in the independent variable corresponding to the regression coefficient multiplied by the SD of the dependent variable. However, when strengths of the associations between path variables were compared, both the time distance to the outcome and the nature of the variables (eg, gestational weight gain is more than fat gain) should be considered.

Missing data are a common problem in longitudinal studies ([@bib29]). Path analysis handles missing data in normally distributed path variables directly as each regression is based on different subset of available data. However, because of missing information in categorized covariates, a multiple imputation strategy ([@bib29]) was applied and used for both covariates and path variables. We created 60 copies of the data set, each of which have their missing values imputed, with an appropriate level of randomness, by chained equations ([@bib29],[@bib30]). Variables with complete data (prepregnancy weight, weight at 7 y after delivery, height, and maternal age) were included as additional explanatory variables in the imputation step. If the woman was still breastfeeding at the time of interview, a lower limit was set to the time of interview, and a universal upper limit was set to 3 y for imputation of breastfeeding duration. We conducted an analysis for each imputation, and now a complete data set, and the overall regression coefficients and associated uncertainty estimates for the total, direct, and indirect effects for these data sets were obtained following Rubin's rules, which take into account uncertainty arising from the imputations ([@bib31]).

For comparison, we also performed complete case analyses (*n* = 11,282 for weight and 10,244 for WC~BMI~). Results did not differ substantially from the results based on the imputed data set, but the CIs were wider (*see* Supplemental Tables 1 and 2 under "Supplemental data" in the online issue).

We performed 2 subanalyses within the imputed data set. First, we stratified by prepregnancy BMI groups according to the WHO-defined categories ([@bib32]) and tested differences by using Wald tests. Next, we restricted the analysis to women who had their first interview at pregnancy weeks 12--20 (*n* = 15,867) so that we could divide gestational weight gain into early (from conception to interview 1) and late (from interview 1 to delivery). Weight gain in each period was divided by weeks of gestation to express weekly gestational weight gain.

In a sensitivity analysis, we also included women who gave birth in the 7-y follow-up period, except for 3803 women who gave birth \<18 mo before the 7-y follow-up (*n* = 42,613). We conducted a complete case analysis on this sample (*n* = 18,694 for weight and*n* = 16,874 for WC~BMI~) adjusting for the previously mentioned covariates and number of births during follow-up. The results were comparable with those presented and are thus not described in further detail (*see* Supplemental Tables 3 and 4 under "Supplemental data" in the online issue). All statistical analyses were performed by using Stata/SE 12 (StataCorp LP). The command -sem- for structural equation modeling was used for path analyses.

RESULTS
=======

The median follow-up time was 7.1 y (5%, 95% percentile 7.0, 7.4) and women who participated in the 7-y follow-up had a higher socio-occupational status, had a lower weight at prepregnancy and 6 and 18 mo postpartum, were more physically active, were less often smokers, breastfed for a longer time period, and reported a more healthy dietary pattern compared with women who were lost to follow-up.

Before pregnancy, 4% of the study population was underweight (BMI \<18.5), 68% normal weight (BMI 18.5--24.9), 20% overweight (BMI 25.0--29.9), and 8% obese (BMI ≥30) ([**Table 1**](#tbl1){ref-type="table"}). More than half of the overweight and obese women gained more during pregnancy than recommended by the Institute of Medicine/National Research Council ([@bib33]); the corresponding numbers were 35% for normal-weight women and 18% for underweight women. Mean weight retention 6 mo postpartum was 1.3 kg and decreased with increasing prepregnancy BMI group; obese women lost weight. From 6 to 18 mo postpartum, a weight change was observed in all BMI groups, which ranged from −0.9 kg for the underweight women to −2.2 kg for the obese women. In contrast, from 18 mo to 7 y postpartum, an average weight gain of 2.1 kg was observed, with little variation among BMI groups. The mean weight gain for the whole period from prepregnancy until 7 y after delivery was 2.1 kg. However, whereas 20% of women who were normal weight before pregnancy gained \>5 kg during this period, this was the case for 27% to 28% of women in the other BMI groups. On average, women breastfed for 33.2 wk, exclusively or partially, with the longest duration in women who were normal weight before pregnancy. Breastfeeding duration decreased with increasing prepregnancy BMI.

###### 

Anthropometric and breastfeeding characteristics of women with liveborn singletons and no births in the 7-y follow-up period, by prepregnancy BMI (in kg/m^2^)

                                                                                                                       BMI                                                                                                         
  -------------------------------------------------------------------------------------------------------------------- -------------------------------------------------- ------------- ------------- ------------- -------------- ------
  Prepregnancy weight (kg)                                                                                             66.9 ± 12.4[*^1^*](#tblfn1){ref-type="table-fn"}   50.6 ± 3.8    62.1 ± 6.5    76.6 ± 6.7    94.9 ± 12.5    0
  Height (cm)                                                                                                          168.6 ± 6.0                                        168.7 ± 5.7   168.8 ± 6.0   168.4 ± 6.0   167.8 ± 6.0    0
  Gestational weight gain (kg)                                                                                         14.6 ± 5.8                                         14.7 ± 5.1    15.2 ± 5.1    14.1 ± 6.4    10.1 ± 7.8     4494
  Weekly early[*^2^*](#tblfn2){ref-type="table-fn"} gestational weight gain (g)[*^3^*](#tblfn3){ref-type="table-fn"}   170 ± 170                                          227 ± 149     190 ± 150     138 ± 192     36 ± 211       691
  Weekly late[*^4^*](#tblfn4){ref-type="table-fn"} gestational weight gain (g)[*^3^*](#tblfn3){ref-type="table-fn"}    492 ± 213                                          463 ± 189     504 ± 189     495 ± 244     391 ± 297      3425
  Weight, 6 mo (kg)                                                                                                    68.1 ± 12.4                                        52.8 ± 5.0    63.7 ± 7.5    77.6 ± 8.5    93.3 ± 12.8    4902
  Weight retention, 6 mo (kg)                                                                                          1.3 ± 4.5                                          2.2 ± 3.5     1.7 ± 3.8     1.0 ± 5.5     −1.6 ± 6.8     4902
  Weight, 18 mo (kg)                                                                                                   66.8 ± 12.0                                        52.0 ± 4.7    62.8 ± 7.2    75.7 ± 8.4    91.2 ± 13.6    4889
  Weight change, 6--18 mo (kg)                                                                                         −1.4 ± 4.2                                         −0.9 ± 3.0    −1.2 ± 3.5    −1.8 ± 5.1    −2.2 ± 7.1     8218
  Weight, 7 y (kg)                                                                                                     68.9 ± 13.0                                        54.6 ± 5.7    64.5 ± 7.9    78.2 ± 10.3   93.8 ± 15.3    0
  Weight change, 18 mo to 7 y (kg)                                                                                     2.1 ± 5.7                                          2.6 ± 3.7     1.9 ± 4.4     2.3 ± 7.1     2.7 ± 11.0     4889
  Weight change, prepregnancy to 7 y (kg)                                                                              2.1 ± 6.3                                          4.0 ± 4.2     2.4 ± 4.8     1.6 ± 7.9     −1.1 ± 11.4    0
  Weight change, prepregnancy to 7 y \[*n* (%)\]                                                                                                                                                                                   0
   \<0 kg                                                                                                              6567 (28)                                          71 (7)        3839 (24)     1789 (39)     868 (49)       ---
   0--1.99 kg                                                                                                          4533 (19)                                          229 (22)      3536 (22)     617 (13)      151 (8)        ---
   2--5 kg                                                                                                             7224 (30)                                          456 (44)      5547 (34)     962 (21)      259 (15)       ---
   \>5 kg                                                                                                              5377 (23)                                          279 (27)      3325 (20)     1273 (27)     500 (28)       ---
  Waist circumference, 7 y (cm)                                                                                        83.6 ± 10.9                                        73.9 ± 6.0    80.3 ± 7.5    91.1 ± 9.8    102.7 ± 12.9   2747
  Total breastfeeding (wk)                                                                                             33.2 ± 17.9                                        32.8 ± 18.7   34.6 ± 17.5   30.7 ± 18.1   26.8 ± 18.8    6074

Mean ± SD (all such values).

Gestational weight gain from prepregnancy to the time of interview 1 (12--20 wk).

A subpopulation of 15,867 women answering the first interview at pregnancy weeks 12--20.

Gestational weight gain from interview 1 (12--20 wk) to delivery.

The women were 31.8 y of age on average at conception, and 82% were multiparous ([**Table 2**](#tbl2){ref-type="table"}). Further description of the distribution of covariates is presented in[Table 2](#tbl2){ref-type="table"}. The path analysis was based on the path diagram shown in[**Figure 2**](#fig2){ref-type="fig"}, which shows the underlying structure graphically and the direct regression coefficients of one variable on another.

###### 

Baseline and pregnancy characteristics of women with liveborn singletons and no births in the 7-y follow-up period, by prepregnancy BMI (in kg/m^2^)

                                                                BMI                                                                         
  ------------------------------------------------------------- --------------- -------------- -------------- -------------- -------------- ------
  Age at conception (y)                                         31.8 ± 4.1^1^   31.2 ± 4.3     32.0 ± 4.1     31.5 ± 4.1     31.1 ± 4.0     0
  Parity \[*n* (%)\]                                                                                                                        0
   Primiparous                                                  4149 (18)       209 (20)       2819 (17)      770 (17)       351 (20)       ---
   Multiparous                                                  19,552 (82)     826 (80)       13,428 (83)    3871 (83)      1427 (80)      ---
  Gestational age (d)                                           279.7 ± 11.6    277.7 ± 13.0   279.7 ± 11.5   280.2 ± 11.3   279.6 ± 12.8   0
  Birth weight of child (g)                                     3640 ± 571      3386 ± 564     3621 ± 546     3731 ± 558     3760 ± 623     85
  Socio-occupational status \[*n* (%)\]                                                                                                     76
   High                                                         12,383 (53)     493 (48)       9114 (56)      2136 (46)      640 (36)       ---
   Middle                                                       9057 (38)       420 (41)       5784 (36)      1987 (43)      866 (49)       ---
   Low                                                          2185 (9)        118 (11)       1305 (8)       497 (11)       265 (15)       ---
  Smoking during pregnancy \[*n* (%)\]                                                                                                      4327
   Nonsmoking                                                   14,558 (75)     556 (66)       9985 (75)      2856 (75)      1161 (77)      ---
   Smoking cessation                                            1991 (10)       94 (11)        1387 (11)      388 (10)       122 (8)        ---
   Smoking                                                      2825 (15)       187 (22)       1867 (14)      551 (15)       220 (15)       ---
  Smoking after pregnancy \[*n* (%)\]                                                                                                       4327
   Continued nonsmoking                                         14,419 (74)     550 (66)       9894 (75)      2828 (75)      1147 (76)      ---
   Smoking cessation or maintained cessation                    1383 (7)        63 (7)         961 (7)        276 (7)        83 (6)         ---
   Initiated smoking                                            819 (4)         43 (5)         564 (4)        151 (4)        61 (4)         ---
   Continued smoking                                            2753 (14)       181 (22)       1820 (14)      540 (14)       212 (14)       ---
  Leisure-time physical activity during pregnancy \[*n* (%)\]                                                                               18
   No exercise                                                  15,875 (67)     723 (70)       10,752 (66)    3156 (68)      1244 (70)      ---
   1--180 min/wk                                                6303 (27)       244 (24)       4390 (27)      1221 (26)      448 (25)       ---
   \>180 min/wk                                                 1505 (6)        67 (6)         1091 (7)       262 (6)        85 (5)         ---
  Dietary pattern during pregnancy \[*n* (%)\]                                                                                              5214
   Western                                                      3424 (19)       200 (25)       2245 (18)      673 (19)       306 (22)       ---
   Intermediate                                                 12,423 (67)     497 (62)       8481 (67)      2508 (69)      937 (68)       ---
   Health conscious                                             2640 (14)       101 (13)       1946 (15)      457 (13)       136 (10)       ---

Mean ± SD (all such values).

![Path diagram presenting linear regression coefficients for all direct regressions between prepregnancy weight, gestational weight gain, weight at 6 and 18 mo postpartum, breastfeeding duration, and weight 7 y after delivery or BMI-adjusted waist circumference 7 y after delivery. For weight as outcome, the direct effect is illustrated in bold; for BMI-adjusted waist circumference, the direct effect is illustrated in italic. An arrow presents a direct effect. All variables are included as*z* scores. We adjusted for height, age, socio-occupational status, parity, gestational age, child birth weight, physical activity, dietary pattern, smoking during pregnancy, smoking after pregnancy, and time of interviews 3 and 4. These covariates have been omitted to simplify the path diagram for illustration. \*Statistically significant regression coefficient,*P* \< 0.05.](312fig2){#fig2}

Weight 7 y after delivery
-------------------------

Results are shown in[**Table 3**](#tbl3){ref-type="table"}. As expected, the total effect of prepregnancy weight was strong and significant. Each 1-kg increase in prepregnancy weight corresponded to a 0.91-kg higher weight at 7 y. \[Estimates from[Tables 1](#tbl1){ref-type="table"} and[3](#tbl3){ref-type="table"} were used for calculation (13 kg × 0.87)/12.4 kg = 0.91 kg).\] The fact that the estimate was \<1 kg suggests that, on average, heavier women became thinner and thinner women became heavier.

###### 

Path analysis for the association between pregnancy-related weight changes, breastfeeding, and maternal weight 7 y after delivery[*^1^*](#tblfn6){ref-type="table-fn"}

                                  Total effect   Indirect effect   Direct effect                                                
  ------------------------------- -------------- ----------------- --------------- -------------- ----- -------- -------------- -----
  Prepregnancy weight             0.87           0.84, 0.89        0.60            0.59, 0.61     69    0.27     0.24, 0.30     31
  Total gestational weight gain   0.08           0.07, 0.09        0.07            0.06, 0.07     83    0.01     0.01, 0.02     17
  Weight, 6 mo                    0.46           0.43, 0.48        0.29            0.28, 0.30     63    0.17     0.14, 0.20     37
  Weight, 18 mo                   0.48           0.46, 0.51        ---             ---            ---   0.48     0.46, 0.51     100
  Breastfeeding duration          −0.01          −0.02, −0.004     −0.01           −0.01, −0.01   73    −0.003   −0.01, 0.003   27

All variables are*z* scores.*n* = 23,701. Values were adjusted for height, age, socio-occupational status, parity, gestational age, child birth weight, physical activity, dietary pattern, smoking during pregnancy, smoking after pregnancy, and time of interviews 3 and 4.

A significant total effect was observed for gestational weight gain, and nearly all (83%) of the effect was mediated through increased weight retention at 6 mo postpartum. Each 1-kg increase in gestational weight gain corresponded to a 0.18-kg higher weight at 7 y. A subanalysis showed that the total effect of weekly early gestational weight gain was more strongly associated with weight at 7 y than was weekly late gestational weight gain (*see* Supplemental Table 5 under "Supplemental data" in the online issue). For both periods, \>70% of these effects were indirect.

Weight at 6 mo postpartum reflected weight retention 6 mo after birth, with adjustment for previous weights (prepregnancy weight and gestational weight gain). The total effect was significant; a 1-kg increase corresponded to a 0.48-kg increase in weight at 7 y. Two-thirds of this effect was mediated through a higher weight at 18 mo postpartum ([Table 3](#tbl3){ref-type="table"}). Weight at 18 mo postpartum gave information about the contribution of weight change from 6 to 18 mo after birth with the adjustment for previous weights, and the total effect was significant; a 1-kg increase corresponded to a 0.51-kg increase in weight at 7 y.

We observed a significant but small inverse total effect of breastfeeding duration on weight at 7 y; each 10-wk increase in breastfeeding duration corresponded to a 0.1-kg lower weight at 7 y. Most (73%) of the effect was mediated through an inverse association with weight at 6 mo postpartum.

When stratified by prepregnancy BMI group, tests for interaction showed that the total effect of gestational weight gain on weight at 7 y was higher for overweight (*P* = 0.022) and obese (*P* = 0.041) women than for normal-weight women ([**Figure 3**](#fig3){ref-type="fig"}). This was also observed for weight retention at 6 mo postpartum (*P* \< 0.001 for overweight and*P* \< 0.001 for obese women compared with normal-weight women). For weight change from 6 to 18 mo postpartum, the effect was higher for overweight (*P* \< 0.001) women than for normal-weight women. No difference was seen among BMI groups for the effects of breastfeeding duration on weight at 7 y (*P* = 0.844 for underweight,*P* = 0.474 for overweight, and*P* = 0.982 for obese women compared with normal-weight women).

![The total effect of pregnancy-related weight changes and breastfeeding duration on maternal weight 7 y after delivery. All variables are included as*z* scores, and estimates are presented as linear regression coefficients and adjusted for height, age, socio-occupational status, parity, gestational age, child birth weight, physical activity, dietary pattern, smoking during pregnancy, smoking after pregnancy, and time of interviews 3 and 4. Values are presented for women at prepregnancy by BMI (in kg/m^2^): \<18.5 (underweight), 18.5--24.99 (normal weight), 25--29.99 (overweight), and ≥30 (obese). \*Pairwise comparison with normal-weight women,*P* \< 0.05. GWG, gestational weight gain.](312fig3){#fig3}

BMI-adjusted waist circumference 7 y after delivery
---------------------------------------------------

Results are shown in[**Table 4**](#tbl4){ref-type="table"}. The total effect of prepregnancy weight was significantly associated with WC~BMI~ 7 y after delivery, and 90% of the total effect was mediated through higher weight in the postpartum period.

###### 

Path analysis for the association between pregnancy-related weight changes, breastfeeding, and maternal BMI-adjusted waist circumference 7 y after delivery[*^1^*](#tblfn7){ref-type="table-fn"}

                                  Total effect   Indirect effect   Direct effect                                                
  ------------------------------- -------------- ----------------- --------------- --------------- ----- ------- -------------- -----
  Prepregnancy weight             0.09           0.05, 0.14        0.11            0.08, 0.13      90    −0.01   −0.06, 0.04    10
  Total gestational weight gain   −0.01          −0.02, 0.01       0.01            0.004, 0.01     36    −0.01   −0.03, 0.003   64
  Weight, 6 mo                    0.06           0.002, 0.11       0.07            0.06, 0.09      81    −0.02   −0.08, 0.04    19
  Weight, 18 mo                   0.13           0.07, 0.18        ---             ---             ---   0.13    0.07, 0.18     100
  Breastfeeding duration          −0.03          −0.04, −0.01      −0.001          −0.002, 0.000   3     −0.03   −0.04, −0.01   97

All variables are*z* scores.*n* = 23,701. Values were adjusted for height, age, socio-occupational status, parity, gestational age, child birth weight, physical activity, dietary pattern, smoking during pregnancy, smoking after pregnancy, and time of interviews 3 and 4.

The total effect of gestational weight gain was not significantly associated with WC~BMI~, but there was a positive significant indirect effect mediated through weight changes in the postpartum period. The same pattern was seen for both early and late weekly gestational weight gain (*see* Supplemental Table 6 under "Supplemental data" in the online issue).

Weight at 6 mo postpartum was significantly positively associated with WC~BMI~ at 7 y, and most (81%) of the effect was explained by a higher weight at 18 mo postpartum. Each 1-kg increase in weight retention at 6 mo postpartum corresponded to a 0.03-cm larger WC~BMI~ at 7 y. Gain in weight from 6 to 18 mo postpartum was also significantly positively associated with WC~BMI~ 7 y postpartum, and a 1-kg increase corresponded to a 0.07-cm larger WC~BMI~ at 7 y.

A small significant inverse association of duration of breastfeeding with WC~BMI~ 7 y after delivery was observed, and nearly all (97%) of the effect was direct. This means that it was not explained by any inverse effect that breastfeeding may have had on postpartum weight retention. For WC~BMI~, we found no difference between prepregnancy BMI groups (*see* Supplemental Figure 1 under "Supplemental data" in the online issue).

DISCUSSION
==========

In this study, we found that high gestational weight gain increased maternal weight 7 y later primarily by increasing postpartum weight retention. However, both weight retention at 6 mo postpartum and weight gain in the subsequent year, independently of weight gain during pregnancy, had a major effect on weight and on WC~BMI~ 7 y later. We found a small inverse association of breastfeeding duration with weight at 7 y and slightly a stronger inverse association with WC~BMI~ at 7 y. Our results suggest that the first 18 mo postpartum is an important time window for the prevention of long-term maternal obesity.

In previous studies, gestational weight gain above values recommended by the Institute of Medicine/National Research Council ([@bib3],[@bib34]--[@bib37]), gestational weight gain per week ([@bib4],[@bib35]), and postpartum weight retention ([@bib34],[@bib36]) have all been associated with long-term maternal weight (5--21 y after birth). In the current study, the strong association we found between postpartum weight retention at 6 mo and weight 7 y after delivery was even stronger for overweight and obese women, which may have resulted from their existing weight-control challenges. We found that two-thirds of the effect of postpartum weight retention at 6 mo could be explained by increased weight at 18 mo; however, even if weight was lost at 18 mo postpartum, postpartum weight retention at 6 mo still had a positive effect on weight 7 y postpartum.

Childbearing has been associated with a greater long-term increase in visceral fat mass and waist circumference compared with nonchildbearing ([@bib6],[@bib38]). In childbearing women, abdominal fat mass increased from before pregnancy to 12 mo after delivery, and nonsubcutaneous abdominal fat mass increased between 6 and 12 mo postpartum ([@bib8]).

A previous study examined long-term maternal waist circumference in relation to gestational weight gain and reported a positive association 16 y after delivery ([@bib4]). We observed no such association for WC~BMI~ at 7 y or for waist circumference, independent of BMI at 7 y (data not shown). However, we found a small, significant, positive effect mediated through postpartum weight changes. Our results suggest that postpartum weight changes are strongly associated with abdominal fat mass later in life. In other studies, postpartum weight retention in relation to long-term fat distribution was not examined.

Breastfeeding might be important for mobilizing fat gained during pregnancy ([@bib39]). A previous study within the DNBC showed that breastfeeding was linked to lower postpartum weight retention at 6 and 18 mo ([@bib40]). In the current study, we found a small inverse association between breastfeeding duration and weight 7 y after delivery, whereas the effect was slightly stronger for WC~BMI~. Although the literature on long-term weight changes in relation to breastfeeding is inconsistent ([@bib14],[@bib16],[@bib17],[@bib36],[@bib41]), most studies, but not all ([@bib42]), support an inverse association between total or exclusive breastfeeding and abdominal fat mass ([@bib14]--[@bib16],[@bib18],[@bib19]). The current study contributes to distinguishing between the direct and indirect effects of breastfeeding. In contrast with the primarily indirect effect of breastfeeding on weight 7 y after delivery that we observed, the effect of breastfeeding on WC~BMI~ was direct and not mediated through any weight loss in the postpartum period. It may be that breastfeeding affects weight and WC~BMI~ 7 y postpartum in different ways. A small decrease in weight retention 6 mo postpartum may not decrease abdominal fat mass but may cause slightly lower weights 7 y later. Like most other studies on this topic, we did not have the data to adjust for prepregnancy waist circumference. However, if more abdominal fat mass before pregnancy is associated with a shorter duration of breastfeeding, this may also explain the direct effect we observed between breastfeeding and WC~BMI~ 7 y after delivery. One study reported that women who breastfed had significantly lower skinfold thicknesses from prepregnancy throughout pregnancy and 6 wk postpartum than did nonbreastfeeding women ([@bib7]). Also, no difference in changes in waist circumference from prepregnancy to an average of 13 mo after weaning was observed between breastfeeding and nonbreastfeeding women ([@bib42]). More research is needed to clarify the effect of breastfeeding on long-term maternal fat distribution.

The repeated weight measurements and the applied statistical method, which allowed us to examine the influence of weight changes in different periods and the direct and indirect mediating effects, were strengths of the current study. Using this approach, we avoided potential structural bias that occurs when the exposure is part of the outcome (eg, when the association between gestational weight gain and weight change from prepregnancy to later in life is examined) ([@bib43]). Also, we benefited from the availability of a pregnancy cohort with extensive information on potential confounders. This large cohort allowed us to restrict our study population to women who did not give birth during follow-up, which has seldom been the case previously ([@bib3]).

Several limitations deserve mention. Our data are observational; therefore, confounding cannot be ruled out. Also, all anthropometric information relied on self-reported data. However, previously self-reported prepregnancy weights have been validated relative to weights observed in antenatal care within a subsample of the DNBC ([@bib44]). On average, an underreporting of 0.66 kg was observed for prepregnancy weight throughout the entire BMI scale, with a slightly increased underreporting with increasing prepregnancy BMI. This underreporting has been reported previously, including studies validating World Wide Web--based self-reported measures ([@bib45]--[@bib47]). We assume that this underreporting was present for postpartum weights as well and therefore might not have affected our association estimates. In the validation study, only a small systematic difference in gestational weight gain was observed, but the variation was large ([@bib44]), which may have attenuated an association between gestational weight gain and the outcomes in the current study. Additional studies with measured weights would be useful to confirm the findings that we report here.

Given the longitudinal structure of the study, loss to follow-up occurred. Participants in the 7-y follow-up study were healthier and less frequently obese before pregnancy than were those lost to follow-up ([@bib23]). It may also be that women with excessive weight gain 7 y after birth were less likely to participate in the follow-up, but we had no data with which to examine this. In earlier investigations in the DNBC ([@bib23],[@bib48]), the effect of nonparticipation and loss to follow-up on selected RR estimates was small. Also, by controlling for any factor that may affect a woman's decision to participate in the follow-up study (eg, socio-occupational status, age, and smoking) we reduced the risk of bias ([@bib23]). The generalizability of our findings to other racial-ethnic groups is unknown because our study population consisted of white women. However, it seems reasonable to assume that the results may apply to other populations of European origin with a Western lifestyle.

In conclusion, we found that all periods of the reproductive cycle were important contributors to maternal weight and WC~BMI~ 7 y after delivery. Weight changes in the first 18 mo postpartum were strong independent predictors of maternal anthropometric measures 7 y after delivery, regardless of gestational weight gain and BMI group before pregnancy. The early postpartum period may provide a window of opportunity to intervene and prevent adverse maternal weight change and obesity later in life.
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